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Fl udeoxygl ucose F18 | njection ['®F] FDG
Di agnostic - For Intravenous Adm nistration

DESCRI PTI ON

Fl udeoxygl ucose F18, (2-deoxy-2[*®F]fl uoro-D-glucose), |njection
is an intravenous, diagnostic radi opharmaceutical for Positron
Em ssi on Tonography (PET).

['®F] FDG i s supplied in isotonic saline as a sterile, non-
pyrogenic, clear, colorless solution. The pH of [®F]FDGis
5.5 - 7.5, and its osnolality at 37°C is 300 nOsnol / kg wat er.

Fl udeoxygl ucose F18, (2-deoxy-2-[*®F]fluoro-D-glucose), may be
abbrevi ated ['®F] FDG. The structural forrmula for ['F]FDG is the
fol | ow ng:

Each vial contains at the end of bonbardnment (EOB) of 2-

deoxy-2-[*®F] fl uoro-D-gl ucose with a specific activity of no |ess
t han

[ ®F] f | uor o- D- gl ucose and 9 ng of sodi um chlori de.

Each nL of ['®F] FDG contai ns at EOB of 2-deoxy- 2-

[®F] FDG i s produced in an automated radi ochem cal synthesis unit
fromcyclotron produced Fluorine F 18. Fluorine F 18 is produced
by proton bonbardnent of enriched [®¥Q water and is bound to
1,3,4,6-tetra-0O acetyl -2-O-trifluoronet hanesul fonyl - $- D

mannopyr anose (nmannose triflate) under stereo specific S2
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reaction conditions. This renders no carrier added
Fl udeoxygl ucose F 18. The pH is adjusted by passage through an
ion retardati on resin.

Physical Characteristics

Fluorine F 18 decays by positron ($+) em ssion and has a half
life of 109.8 mnutes. The principal photons useful for

di agnostic imaging are the 511 keV gamma photons, resulting from
the interaction of the emtted positron wwth an electron (Table
1).

Table 1. Principal Emssion Data for Fluorine F 18

Radiation/Emission % per Disintegration Mean Energy
Positron ($+) 96.73 249.8 keV
Gamma (> 193.46 511.0 keV

*Produced by positron annihil ation
From Kocher, D.C "Radioactive Decay Tables" DOE/ TIC 11026, 89
(1981).

External Radiation

The specific gamma ray constant for Fluorine F 18 is 6.0 R hr/nC
(0.3 G/ hr/kBgq) at 1cm The hal f-value | ayer (HVL) for the 511
keV photons is 4.1 mmlead (Pb). A range of values for the
attenuation of radiation results fromthe interposition of
various thicknesses of Pb. The range of attenuation coefficients
for this radionuclide is shown in Table 2. For exanple the
interposition of an 8.3 mmthickness of Pb, with a coefficient of
attenuation of 0.25, will decrease the external radiation by 75%
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Table 2. Radiation Attenuation of 511 keV Photons by Lead (Pb)

Shi el di ng
Shield Thickness (Pb) mm Coefficient of Attenuation

0 0.00
4.1 0.50

8.3 0.25
13.2 0.10
26.4 0.01
52.8 0.001

For use in correcting for physical decay of this radionuclide,
the fractions remaining at selected intervals after calibration
are shown in Table 3.

CLINICAL PHARMACOLOGY

General

[ 8F] FDG, a radi ol abel ed anal og of gl ucose, rapidly distributes,
after intravenous injection, to all organs of the body. After

background cl earance, peak imaging is at 30-40 m nutes after
i njection.
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Table 3. Physical Decay Chart for Fluorine F 18

M nut es Fraction Remai ning

0* 1. 00

15 0. 909
30 0. 826
60 0. 683
110 0. 500
220 0. 250
440 0. 060

*Calibration Tine

Pharmacokinetics

In 4 normal male volunteers, after an intravenous dose given over
30 seconds, the arterial blood Ievel profile for ['F] FDG can be
described by a triexponential decay curve. The half-lives for
the different distribution and elimnation phases are 0.2-0.3
mn, 10-13 mn (nean = s.d.; 11.6 =+ 1.1 mn), and 80-95 mn

(88 = 4 min).

Wthin 33 mnutes, a nean of 3.9% of the injected dose can be
measured in the urine. Bladder activity two hours after
injection indicates that a nean of 20.6%of the injected dose is
present. See the Metabolism subsection for additional clearance
t1mes.

Metabolism

[8F] FDG i s taken up by cells and phosphoryl ated to [ !®F] FDG 6-
phosphate at a rate proportional to the rate of glucose
utilization within a given tissue. [®F] FDG 6-phosphate
presumably is netabolized to 2-deoxy-2-[!8F]fl uoro-6-phospho-D-
mannose [ ®F] FDM 6- phosphat e.
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[ 8F] FDG cont ai ns 2- deoxy- 2-chl oro-D-gl ucose (C DG as an
inmpurity. Distribution and netabolismof C DG are presumably
simlar to that of ['F] FDG and would be expected to result in
intracel lular formati on of 2-doexy-2-chl oro-6-phospho-D- gl ucose
(4 DG 6- phosphat e) and 2- deoxy- 2-chl or o- 6- phospho- D- rannose

(Cl DM 6- phosphate). The phosphoryl at ed deoxygl ucose conpounds
are dephosphoryl ated, and the resulting conpounds, (FDG FDMV

Cl DG and C DM presumably | eave cells by passive diffusion.

FDG and rel ated conpounds are cleared from non-cardi ac tissues
within 3 to 24 hours after adm nistration; C earance fromthe
heart may require nore than 96 hours. [¥F]FDG that is not

i nvolved in glucose netabolismis excreted unchanged in the
urine.

Pharmacodynamics

[8F] FDG i s a gl ucose anal ogue which concentrates in cells that
rely upon glucose as a primary energy source. Once in the cel

it is phosphorylated and can not exit until dephosphoryl ation has
occurred. Regions of "increased [F] FDG upt ake" correlate with

i ncreased glucose netabolism Regions of decreased/ absent uptake
reflect the absence of glucose netabolism Background activity
reflects uptake by normal cells. [ 8F] FDG upt ake in

inflammatory cells is inconsistent and may be increased, nornal

or decreased. \Wether or not [!F]FDG C1DG or their

met abolites can inhibit glucose netabolismis not known.

CLINICAL TRIALS

In a prospective, open |abel trial, [!F]FDG was eval uated in 86
patients with epilepsy. Each patient received a dose of [!®F] FDG
in the range of 185-370 MBgq (5-10)nCi. Denographic
characteristics of race and gender are not avail able. The nean
age was 16.4 years (range: 4 nonths - 58 years; of these, 42
patients were <12 years and 16 patients were <2 years ol d).
Patients had a known di agnosis of conplete partial epilepsy and
wer e under evaluation as surgical candidates for treatnent of
their seizure disorder. Seizure foci had been previously
identified on ictal EEG s and sphenoidal EEGs. In 16% (14/87)
of patients, the pre-[*®F] FDG findi ngs were confirned by [*®F] FDG
34% (30/87) of patients, FDG scans provided new findings. In 32%
(27/87), FDG scans were not definitive. The influence of these
findings on surgical outcone, nedical managenent or behavior is
not known.
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I n several other studies conparing ['¥F] FDG scan results to
subsphenodi al EEG MRl and/or surgical findings, the degree of
hyponet abol i sm corresponded to areas of confirned epil eptogenic
foci.

INDICATIONS AND USAGE

Fl udeoxygl ucose F 18 Injection ([®¥F]FDG is indicated in PET
(positron em ssion tonography) for the identification of regions
of abnormal gl ucose netabolism associated with foci of epileptic
sei zur es.

Fl udeoxygl ucose F 18 Injection is not indicated for
di stingui shing epileptogenic foci frombrain tunors or other
brain | esions which may cause sei zures.

WARNINGS

None known.

CONTRAINDICATIONS

None known.

PRECAUTIONS
General

[ 8F] FDG upt ake may be changed by fasting or by blood sugar
changes associated with diabetes nellitus. Blood glucose |evels
shoul d be stabilized in non-diabetic patients by fasting before
[8F] FDG injection. Diabetic patients may need stabilization of
bl ood gl ucose on the day precedi ng, and on the day of the

[ 8F] FDG scan.

Patients should be nonitored for arrhythm as and ot her

mani festations of ischema. [®F]FDG Cl1DG and their

met abolites theoretically could inhibit glucose netabolism
Their ability to potentiate the arrhythnogenic effects of

i schem a has not been studied.
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The contents of each vial are sterile and non-pyrogenic. To
mai ntain sterility, aseptic technique nust be used during al

operations involved in the mani pul ati on and adm ni strati on of
[ 8F] FDG

[ 8F] FDG shoul d be used within 8 hours of the end of synthesis
(ECS)

As wth any other radioactive material, appropriate shielding
shoul d be used to avoi d unnecessary radi ati on exposure to the
patient, occupational workers, and other persons.

Radi ophar naceuti cal s shoul d be used only by physicians who are
qualified by specific training in the safe use and handling of
radi onucl i des.

Carcinogenesis, Mutagenesis, Impairment of Fertility

Studi es with [8F] FDG have not been perforned to eval uate
carcinogenic potential, nutagenic potential or effects on
fertility.

Teratogenic Effects: Pregnancy Category C

Ani mal reproduction studi es have not been conducted with
[BF]FDG. It is not known whether [®F]FDG can cause fetal harm
when adm nistered to a pregnant woman or can affect reproduction
capacity. Therefore, [®F]FDG should not be adm nistered to a
pregnant woman unl ess the potential benefit justifies the
potential risk to the fetus.

Nursing Mothers

It is not known whether this drug is excreted in human m | k.
Because many drugs are excreted in human m |k, caution should be
exerci sed when [®¥F]FDG i s adm nistered to a nursing wonman.

Pediatric Use

See Cinical Trials section.
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ADVERSE REACTIONS

The [18F] FDG safety data base was evaluated for 374 patients. O
t hese, 245 were male and 105 were female. For 24 patients,
gender was not specified. The nean age was 47.8 years (range
under 2 to over 65 years). Eighteen patients were between the age
of 0 and 2 years; 42 patients were between the ages of 2 and 21
years ol d; 213 patients were between 21 and 65 years old and 98
patients were not specified. A racial distribution is not

avai lable. In this database, adverse drug reactions that

requi red nedical intervention were not reported. In a small, 42
patient subset of the 374 patients studied, 4 patients had
transi ent hypotension, 6 had hypo- or hyperglycem a and 3 had
transi ent increases in alkaline phosphatase.

DOSAGE AND ADMINISTRATION

[ 8F] FDG upt ake may be changed by fasting or by blood sugar
changes associated with diabetes nellitus. Blood glucose |evels
shoul d be stabilized in non-diabetic patients by fasting before

[ 8F] FDG i nj ection. Diabetic patients may need stabilization of
bl ood gl ucose on the day preceding and on the day of the [®F] FDG
scan.

The recomended dose of [!¥F] FDG for an adult (70 kg) is within
the range 185-370 (5-10 nCi), intravenous injection. In
children doses as low as 2.6 nC have been given. Optinmal dose
reductions for children have not been confirned.

The optinmumrate of adm nistration and upper safe dose for

[ 8F] FDG have not been established. The tinme interval between
doses of [!8F] FDG should be | ong enough to all ow substanti al
decay (physical and biological) of previous adm nistrations.

It is recommended that PET inmaging be initiated within 40 m nutes
of [F] FDG i njection.

The final dose for the patient should be cal cul ated using proper
decay factors fromthe tine of the ECS, and neasured by a
suitabl e radioactivity calibration system before adm ni strati on.
See decay factors in Table 3.

[8F] FDG, |i ke other parenteral drug products, should be
i nspected visually for particulate matter and di scol oration
bef ore adm ni stration, whenever solution and container permt.



Fludeoxyglucose F18 Injection Labeling Guidance
January, 1997

Preparations containing particulate matter or discoloration
shoul d not be adm ni stered. They should be disposed of in a safe
manner, in conpliance with applicable regul ations.

[ 8F] FDG shoul d be stored upright in a | ead shiel ded environnent
at controlled roomtenperature.

Aseptic techni ques and effective shielding should be enployed in
W t hdrawi ng doses for adm nistration to patients. Waterproof

gl oves and effective shielding should be worn when handling the
pr oduct .

OVERDOSE

Overdoses of [!®F] FDG have not been reported. See Radi ation
Dosimetry Section for related information.

Radiation Dosimetry

The estinated absorbed radi ati on doses to an average human adul t
(70 kg) fromintravenous injection of 185 MBq (5 nCi) and 370 MBq
(10 nCi) of ['F]FDG are shown is Table 4. These estinates were
cal cul at ed based on human! data and using the data published by
the International Conm ssion on Radiol ogical Protection? for

[ 18F] FDG.

Tabl e 4. Estimated Absorbed Radi ati on Doses after |ntravenous
Adm ni stration of 2-deoxy-2-[®®F]fluoro-D-glucose, [®F]FDG to a
70 kg patient.

Organ nGy/ 185MBq | r ads/ 5nCi nGy/ 370 MBq |rads/ 10nC
Bl adder 31.45 3.15 62. 90 6. 29
Val |
1B adder * 11. 00 1.10 22.00 2.20
!Bl adder ** 22.00 2.20 44. 00 4.40
Hear t 12. 03 1.20 24.05 2.41
Brain 4.81 0. 48 9.62 0. 96
Ki dneys 3. 88 0. 39 7.77 0.78
Ut er us 3.70 0. 37 7.40 0.74
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Ovari es 2.78 0.28 5.55 0. 56
Testes 2.78 0. 28 5.55 0. 56
Adr enal s 2.59 0. 26 5.18 0.52
Smal | 2.40 0.24 4.81 0.48
| ntestine

ULl wall 2.40 0. 24 4.81 0. 48

LLI Wall 2. 96 0. 30 5.92 0.59
St omach Wal | 2.22 0.22 4. 44 0. 44
Li ver 2.22 0.22 4. 44 0. 44
Pancr eas 2.22 0. 22 4.44 0. 44
Spl een 2.22 0. 22 4. 44 0. 44
Br east 2.04 0. 20 4. 07 0.41
Lungs 2.04 0. 20 4. 07 0.41
Red Marrow 2.04 0. 20 4. 07 0.41
O her Tissue 2.04 0. 20 4. 07 0.41
Bone
Sur f aces 1.85 0.18 3.70 0. 37
Thyroi d 1.79 0. 18 3.59 0. 36

*Wth void 1 hour after admnistration **Wth void 2 hours after

adm ni stration

The [®F] FDG Ef fecti ve dose equivalent (Adult)? is 0.027 nBSv/ MBq.

Jones, S.C., Alavi, A, Christman, D., Mntanez, |., WlIf,
and Reivich, M (1982). The Radi ation Dosinetry of 2-F-18

fl uoro-2-deoxy-D-glucose in man. J. Nucl. Med. 23, 613-617.

2l CRP Publication 53, Volune 18, No. 1-4, 1987, page 76.

HOW SUPPLIED

[ 8F] FDG for intravenous adm nistration is supplied in a...
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NDC: ......... The vial contains of 2-Deoxy- 2-

[ 8F] f | uor o- D- gl ucose, at end of bonbardnment, in a vol une of
of isotonic saline.

[ 8F] FDG has a concentration of radioactivity of and a

specific activity of no |less than at end of bondardnent.

Fl udeoxygl ucose F 18 Injection is a cycl otron-produced
radi oactive material which is not |icensed by the US Nucl ear

Regul atory Comm ssion. It is licensed by the Illinois
Departnent of Nucl ear Safety under the Radi oactive Materi al
Li cense #I1-01204-01 and pursuant to 32 IIl. Adm Code
335. 4010

Storage

[ 18F] FDG shoul d be stored upright in a | ead shiel ded container at
control |l ed roomtenperature.

St orage and di sposal of [F] FDG should be in accordance with
regul ations and a general license or its equivalent, of an
Agreenent State or a Licensing State.

Expiration Date and Time

The expiration date and tine are provided on the container |abel.
[ ¥®F] FDG shoul d be used within 8 hours fromthe tinme of the end
of synthesi s.

Caution: Federal Law Prohibits Di spensing Wthout Prescription

Manuf act ured by:

Dat e of Latest Revi sion
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